We use a statistical-thermodynamic model to investigate the formation and composition of noble-gas-rich clathrates on Pluto's surface. By considering an atmospheric composition close to that of today's Pluto and a broad range of surface pressures, we find that Ar, Kr and Xe can be efficiently trapped in should lead to a noble gas abundance that either remains constant or increases with time, we find that a potential depletion of Ar, Kr and Xe in the atmosphere would best be explained by their trapping in clathrates. A key observational test is the measurement of Ar since the Alice UV spectrometer aboard the New Horizons spacecraft will be sensitive enough to detect its abundance ∼10 times smaller than in the case considered here.
Introduction
In the case of Mars, important quantities of argon, krypton and xenon are 
41
In this formalism, the fractional occupancy of a guest molecule K for a 42 given type t (t = small or large) of cage (see Sloan 1998; Sloan & Kohn 2008) 43 can be written as
where the sum in the denominator includes all the species which are present 45 in the initial gas phase. C K,t is the Langmuir constant of species K in the 46 cage of type t, and P K is the partial pressure of species K. This partial 47 pressure is given by P K = x K × P (we assume that the sample behaves 48 as an ideal gas), with x K the mole fraction of species K in the initial gas, 49 and P the total atmospheric gas pressure, which is dominated by N 2 . The
50
Langmuir constant depends on the strength of the interaction between each 51 guest species and each type of cage, and can be determined by integrating 52 the molecular potential within the cavity as
where R c represents the radius of the cavity assumed to be spherical, k B the
54
Boltzmann constant, and w K,t (r) is the spherically averaged Kihara potential 
In Eq. 3, z is the coordination number of the cell. 
where b s and b l are the number of small and large cages per unit cell respec-69 tively, for the clathrate structure under consideration, and with K f K = 1.
70
Values of R c , z, b s and b l are taken from Parrish & Prausnitz (1972) .
71
In the present approach, the dissociation pressure of the MG clathrate 72 and the mole fractions of the trapped volatiles are independently calculated.
73
All mole fraction calculations are performed at the dissociation pressure P = 
where x K is the atmospheric mole fraction of species K and P 
where P diss is expressed in Pa and T is the temperature in K. 
where F is the escape flux, X is the abundance of the noble gas (subscript i) 166 and N 2 , m is the mass of each constituent and m c is the critical mass which 167 is also a function of the N 2 escape rate (Hunten et al. 1987) :
where k is the Boltzmann's constant, T is the temperature, b is the binary signal to noise ratio (SNR) for a given Ar I mixing ratio.
264
The Ar I brightness was determined using the Atmospheric Ultraviolet
265
Radiance Integrated Code (hereafter AURIC) (Strickland et al. 1999 ). This Table   286 A.4.
287
For our SNR estimates we consider only the emission from the area of 
